Patients and methods
In a large retrospective multicentre cohort of 2451 patients with T1-HG/G3 initially treated with bacille Calmette-Gu erin, 935 (38%) had a re-TUR. According to the presence or absence of muscle in the specimen of the primary TUR, patients were divided in four groups: group 1 (no muscle, no re-TUR), group 2 (no muscle, re-TUR), group 3 (muscle, no re-TUR) and group 4 (muscle, re-TUR). Clinical outcomes were compared across the four groups.
Results
Re-TUR had a positive impact on recurrence, progression, CSS and OS only if muscle was not present in the primary TUR specimen. Adjusting for the most important prognostic factors, re-TUR in the absence of muscle had a borderline significant effect on time to recurrence [hazard ratio (HR) 0.67, P = 0.08], progression (HR 0.46, P = 0.06), CSS (HR 0.31, P = 0.07) and OS (HR 0.48, P = 0.05). Re-TUR in the presence of muscle in the primary TUR specimen did not improve the outcome for any of the endpoints.
Conclusions
Our retrospective analysis suggests that re-TUR may not be necessary in patients with T1-HG/G3, if muscle is present in the specimen of the primary TUR.
Introduction
High-risk non-muscle-invasive bladder cancer (NMIBC) encompass all high-grade (HG)/Grade 3 (G3) papillary tumours, tumours with lamina propria invasion (T1), carcinoma in situ (CIS), as well as multiple recurrent large low-grade lesions, all tumours whose common denominator is their high risk to progress to muscle-invasive disease [1] . This especially holds true for T1G3, where long-term progression and cancer-specific death rates of up to 40% and 30%, respectively, identifies a subgroup of NMIBC of particular aggressiveness [2] . Transurethral resection (TUR), the first diagnostic and therapeutic approach for NMIBC, is currently viewed as potentially the most critical step affecting the prognosis of the disease [3] . Several quality issues, some potentially linked to the experience of the surgeon, suggest that the initial TUR may be inadequate in a high percentage of patients with high-risk NMIBC. First, dramatically higher rates of residual disease at a 'second-look' TUR, which approach 50% in Ta and 70% in T1 disease, have been reported [4] . More importantly, up to 30% of T1 disease will be upstaged to muscle-invasive disease at the re-TUR [5] . These figures have led recent guidelines to strongly recommend repeat TUR within 4-6 weeks when lamina propria involvement [1, 6] or HG disease [1] is documented at the initial TUR.
Several issues make this recommendation at least debatable. The risk of upstaging to muscle-invasive disease at re-TUR remained significant but did not exceed 7% in two recent series [7, 8] . Furthermore BCG, which has proved to be effective in marker lesion studies [9] , may ablate residual disease. In a small retrospective cohort of patients with T1G3 NMIBC, long-term outcomes were not improved by re-TUR [8] . The benefit of immediate re-TUR may be different according to the presence or absence of detrusor muscle in the primary TUR specimen, the former being linked to a significant reduction of the risk of up-staging and better prognosis [10] . All these figures taken together suggest that the potential benefits of re-TUR should be carefully weighed considering the healthcare burden of the procedure [11] and its side-effects [8] .
In the present study, we retrospectively compared the longterm outcomes of a large series of patients with T1-HG/G3 bladder cancer treated with BCG who did not or did receive a re-TUR within 4-6 weeks of the initial TUR.
Patients and Methods
Patients with primary T1G3 (WHO 1973)/T1-HG (International Society of Urological Pathology (ISUP) 1998/ WHO 2004) or secondary T1-HG/G3 disease from a previously BCG na€ ıve non-T1-HG/G3 NMIBC tumour, formed the retrospective study cohort provided they received at least a full induction course of BCG between 1990 and 2011. Patients who previously received BCG for a tumour that was not T1-HG/G3 or did not receive BCG as the initial intravesical treatment for a T1-HG/G3 tumour were excluded. Patients with a history of muscle-invasive disease (≥T2), upper tract urothelial cancer, or a non-urothelial carcinoma were also excluded. Details are provided in a previous publication [12] .
The following patient and tumour characteristics were included in the database: age, gender, smoking history and intensity, exposure to chemical compounds, tumour status (primary or recurrent), previous intravesical chemotherapy, tumour size (<3 vs ≥3 cm), tumour focality (solitary vs multiple), presence of CIS, prostatic urethra involvement with or without stromal invasion, presence of muscle in the tissue specimen, and BCG dose and total number of instillations. Any instillation beyond the six induction instillations was defined as maintenance BCG. Information on re-TUR (defined as a second TUR performed within 4-6 weeks after an initial macroscopically complete TUR and before BCG administration) was also recorded. Results of pathology at re-TUR were categorised into: no evidence of disease, persistent disease with down staging (Ta), or persistent T1 disease. Patients with muscle-invasive disease at re-TUR did not match the study inclusion criteria and were therefore excluded.
Patients were divided into four groups according to whether or not a re-TUR was done and the presence or absence of muscle in the specimen of the primary TUR: group 1 (no muscle, no re-TUR), group 2 (no muscle, re-TUR), group 3 (muscle, no re-TUR), and group 4 (muscle, re-TUR).
The presence of muscle (no/yes) and re-TUR (no/yes) according to the presence of muscle (no/yes) were compared for the following endpoints: time to first recurrence, progression to muscle-invasive disease, and the duration of cancer-specific (CSS) and overall survival (OS).
Times to events were calculated taking the date of starting BCG as time zero. OS was estimated using the Kaplan-Meier technique. To take into account patients who died before observing the event of interest (competing risk), times to the other events were estimated using cumulative incidence functions. Patients without an event or death before the event were censored at the last date of follow-up. Times to events were compared with the Cox univariable and multivariable proportional hazards regression model using the variables previously identified [12] .
Results
Information on whether or not a re-TUR had been performed was available in 2277 (92.9%) of the 2451 eligible patients. In all, 935 (41.1%) of the 2277 patients underwent re-TUR and 1342 (58.9%) did not. Baseline patient and disease characteristics according to re-TUR and no re-TUR are reported in Table 1 . Patients were more likely to have undergone a re-TUR if they had tumours of ≥3 cm (34.1% vs 22.6%), multifocal tumours (50.3% vs 23.3%) or did not receive maintenance BCG (41.2% vs 33.2%).
Muscle was present in the original TUR specimen in 1768 (72.1%) of the 2451 patients, not present in 416 (17.0%), and unknown in 267 (10.9%). In all, 276 (66.4%) of 416 patients underwent a re-TUR if muscle was not present in the Persistent disease at re-TUR was documented in 85.9% of patients in the absence of muscle in the primary TUR as compared to 65.2% when muscle had been reported in the primary TUR. Similarly, the rate of persistent T1 disease was higher when no muscle was reported in the first TUR (40.2%) as compared with that of a primary TUR with muscle in the specimen (26.6%).
The median duration of follow-up was 5.2 years. Table 3 shows the distribution of clinical outcomes across the four groups according to the presence or absence of muscle in the primary TUR and whether or not a re-TUR was performed. outcome for any of the endpoints after adjusting for prognostic factors. Time-to-event curves of the four groups for the time to recurrence, progression, and the duration of CSS and OS are given in Figs 1-4 .
Discussion
The importance of a re-staging TUR has been supported by accumulating evidence in high-risk NMIBC, mainly in the worst subgroup of T1G3 tumours [4, 13] . The finding of muscle-invasive disease in up to 50% of patients with clinical T1G3 tumours undergoing cystectomy suggests that this disease category is often under staged [14] . Even more strikingly, up to 80% of patients with T1 NMIBCs have persistent disease at re-TUR and 30% are muscle invasive [4] . Our present results, generated from a large multicentre series of patients with primary T1-HG/G3 bladder cancer receiving BCG, are consistent with these figures: of a total of 935 (38.1%) patients undergoing re-TUR, 71.3% had residual disease, with 30.9% stage T1 and 40.4% stage Ta.
In this context, re-TUR has been strongly advocated in an attempt to overcome quality issues of the initial TUR, some of them occurring even in expert hands [4, 15] , and to improve disease outcome [4, 7] . In a randomised study, patients with T1 disease at first TUR had a two-fold increased HR <1: better outcome when muscle is present, better outcome when a re-TUR is done. HR >1: worse outcome when muscle is present, worse outcome when a re-TUR is done. *Recurrence adjusted for number of tumours, tumour size and maintenance BCG; **Progression adjusted for age, tumour size, CIS and maintenance BCG; ***Survival adjusted for age, tumour size and maintenance BCG.
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© 2015 The Authors BJU International © 2015 BJU International risk of recurrence and a four-fold increased risk of progression when re-TUR was not done [7] . In a large retrospective series of patients with Ta and T1 high-risk NMIBC treated with BCG, the 3-month recurrence rate was as low as 9% for those with a re-TUR (87% of 1021 patients) as compared with 55% for the group treated with a single TUR [13] .
Others have recently questioned the necessity for all patients with high-risk NMIBC to undergo a repeat TUR within 4-6 weeks of the initial TUR. In a retrospective series of 200 patients with T1G3 NMIBC, re-TUR impacted positively on short-term outcomes but did not play a role on the long-term risk of recurrence, progression and CSS [8] . Another study pointed out that staging inaccuracies of the primary TUR may depend upon the presence or absence of detrusor muscle in the specimen, the latter indicating that the TUR was not deep enough to exclude involvement of the muscularis propria [15] . The risk of downstaging at second TUR was dramatically decreased when muscle was present in the primary TUR [5, 16] . Absence of muscle in the primary TUR specimen was also acknowledged as an independent predictor of progression to muscle-invasive disease in a small retrospective series in patients with T1G3 bladder cancer [10] . Tumour status at second TUR was found to be significantly associated with risk of recurrence, treatment failure and borderline significant for cancer-specific death in a prospective, randomised study conducted by the Nordic Association of Urology of 250 patients with T1 bladder cancer randomised to BCG or epirubicin plus interferon-a2b [17] .
In our present series, 1768 of the 2184 (81.0%) patients for whom the information was available had detrusor muscle in the primary TUR specimen. This proportion varied between 89.4% for those who did not have a second TUR and 69.3% for those with a re-TUR, suggesting that absence of muscle in the primary TUR may have played a role in the decision for re-TUR. Detrusor muscle documented in the primary TUR specimen was associated with a lower, yet still consistent, rate of any residual disease (65.1% vs 85.9%) and chiefly of T1 NMIBC (26.6% vs 40.2%) at re-TUR as compared with absence of muscle.
Re-TUR impacted favourably on the endpoints of recurrence, progression, CSS and OS only in the absence of muscle at first TUR. We failed to show an advantage of a re-TUR after a first TUR that included detrusor muscle in the pathological specimen. Even more strikingly, such patients showed a higher risk of recurrence even after adjusting for prognostic factors such as tumour multiplicity, tumour size, and the use of maintenance BCG. We cannot provide a rational explanation for this paradoxical finding.
We can speculate that the effect of BCG, which has been shown to ablate residual disease in a marker lesion study [9] and to reduce the progression rate [18] , could account for the lack of improvement in outcome with re-TUR as compared with no re-TUR when muscle was included in the first TUR. Notably, in the only study [7] reporting a significantly higher risk of disease progression in T1 NMIBC not receiving immediate re-TUR, patients were treated with intravesical chemotherapy, a treatment which has never been confirmed to prevent disease progression [1] . Nonetheless, BCG may not be effective enough to replace the need for a second TUR when muscle has not been included in the first TUR, potentially because of the significant amount of residual disease.
Our present results better refine those of a recent retrospective series of 210 untreated patients with T1G3 NMIBC, where an early re-TUR did not appear to change the long-term prognosis [8] . In the latter study, muscle in the specimen was not considered. The main clinical implication of our present findings is that re-TUR may be avoided in patients with T1-HG/G3 bladder cancer where the first TUR was deep enough to include muscle in the TUR specimen. This is likely to translate into a positive impact on the burden of healthcare costs of bladder cancer [11] , while avoiding exposure of the patient to the risks of additional surgery [8] .
Some limitations of our present study are to be acknowledged. The first is the lack of knowledge about the proportion of patients diagnosed with muscle-invasive disease at re-TUR that were excluded by our study design. The rate of T2 disease at re-TUR, which has been reported to be between 7% and 30% [4, 7] , represents the main strength in support of a re-TUR [1] . The risk of downstaging is significantly reduced but not eliminated by inclusion of muscle in the specimen of the first TUR [16] . Similarly, the patients in our present study that did not have a re-TUR, almost certainly included a higher proportion of 'downstaged' T1G3 disease as compared with the re-TUR patients. However, the finding that re-TUR improved prognosis only when muscle was not present in primary TUR suggests that the risk of downstaging at primary TUR is probably minimal when muscle is included, making re-TUR unnecessary in this latter instance. Secondly, as re-TUR was not determined by randomisation, a number of selection biases that the retrospective design of the present study cannot address may have accounted for the decision to do a re-TUR. In addition, an incomplete TUR at first TUR may also have influenced the urologists to schedule a patient for a re-TUR.
In conclusion, our present analysis of a large retrospective series of patients with T1-HG/G3 bladder cancer treated with BCG suggests that immediate re-TUR does not improve the long-term disease outcomes of patients with detrusor muscle included in the specimen of the primary TUR. A prospective study would allow confirmation of as to whether immediate re-TUR may be spared in such cases.
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